Among Vespertilionidae species, sexual size dimorphism is very well documented, in which females are larger than males. The differences are mainly in body weight, skull measurements and forearm length. Studies have discussed some hypothesis for this phenomenon. However, very little information is known about sexual size dimorphism in Myotis nigricans (Schinz, 1821) in Brazil. In this sense, the goal of this paper is to present a study of this phenomenon in the species. For this, we present a quantitative analysis of sexual size dimorphism assessed by traditional morphometrics. Ten skull measurements in addition to the forearm length of adult specimens were taken. Results of traditional morphometrics revealed sexual size dimorphism in five skull measurements and in the forearm length. Females were larger than males. These differences can be attributed to natural selection on large female size for increase fecundity. Bat females of the Vespertilionidae family are usually larger than males in order to perform parental care appropriately and to provide a successful reproductive process.
Sexual size dimorphism in Myotis nigricans

Introduction
Among Chiroptera, mouse-eared bats (Myotis, Vespertilionidae) represent the largest genus, with more than 100 species worldwide (Simmons, 2005) . Despite diversification, species of Myotis have a rather undifferentiated phenotype (Hoofer and Bussche, 2003) and correct identification may be difficult (LaVal, 1973; Bogan, 1978; Reduker, 1983; Ruedi et al., 1990; Baud and Menu, 1993; Barquez et al., 1999; Gannon et al., 2001; Ruedi and Mayer, 2001; López-Gonzales et al., 2001; Stadelmann et al., 2004) . Myotis is distributed in all continents (except the Antarctic), from the boreal to sub-Antarctic zones, tropical rain forests, or semi-desert habitats. Ruedi and Mayer (2001) concluded that the numerous species of Myotis suffered independent evolution in the different biogeographic regions with subsequent convergent adaptive radiation. The same ecomorph appears to have evolved several times independently (Ruedi and Mayer, 2001) . As a result, the genus represents one of the most diverse and successful radiations even among mammals.
In Brazil, six species of the genus are registered: M. albescens (E. Geoffroy, 1806), M. levis (I. Geoffroy, 1824), M. nigricans (Schinz, 1821), M. riparius Handley, 1960 , M. ruber (E. Geoffroy, 1806 and M. simus Thomas, 1901 (Bianconi and Pedro, 2007) . Myotis nigricans is found from South Mexico (Nayarit and Tamaulipas) to Peru, Bolivia, North Argentina, Paraguay and South Brazil (Simmons, 2005) . It also occurs in Trinidad and Tobago and the Lesser Antilles (St. Martin, Montserrat and Grenada) (Simmons, 2005) . This species has sociable habits and it is most common in areas modified by people, like the ceilings of buildings and houses, but it also occurs in the forest and can be found in spaces like tree barks and foliages (Barquez et al., 1999; González, 2000) . Studies concluded that the species is well adapted to open-space foraging and it is also perfectly capable of aerial foraging (Siemers et al., 2001) .
Among Vespertilionidae species, sexual size dimorphism is very well documented, in which females are larger than males (Ralls, 1976; Myers, 1978; Schulz, 1999) , but a better understanding of the reasons for this remains a challenge. The differences are observed mainly in body weight, skull measurements and forearm length. Studies have discussed some hypothesis for this phenomenon, like the one that describes natural selection (costs of reproduction) as a determinant of sexual size dimorphism for increased fecundity (Ralls, 1976; Myers, 1978; Campbell and Kitchener, 1980) . Nevertheless, sexual size dimorphism in M. nigricans in South America was not detected using body and skull measurements.
Although LaVal (1973) was a pioneer in the study of morphology in M. nigricans, he did not mention any data about sexual dimorphism, and even the information he had about morphological variation was not statistically tested. Myers and Wetzel (1983) , throughout the analyses of body and skull linear measurements of specimens from Argentina, Bolivia and Paraguay, found no significant differences between male and female measurements. Some years later, López-Gonzales et al. (2001) studied morphological variation in M. nigricans in Paraguay and agreed with the absence of sexual dimorphism for the species in that country. The data from these authors discord with most of the data found for Vespertilionidae sexual dimorphism. Besides, there is a lack of information about M. nigricans in Brazil. For these reasons, the goal of the paper is to present a study of sexual size dimorphism in the skull of the mouseeared bat, Myotis nigricans (Schinz, 1821) (Chiroptera: Vespertilionidae) in South Brazil assessed by the traditional morphometrics method.
Material and Methods
Sample
Skulls and forearms of 117 adult specimens of M. nigricans (see Table 1 ) deposited in four Brazilian museums and institutions were examined (see Appendix). All the specimens represented the sample from South Brazil ( Figure 1 ).
The age group was determined based on the presence of bone or cartilage epiphysis on the metacarpal-phalangeal joint from the left forth digit (Burnett and Kunz, 1982; Kunz and Anthony, 1982; Anthony, 1988) . 
Study area
The region of South Brazil comprises the states of Paraná (PR), Santa Catarina (SC) and Rio Grande do Sul (RS) (Figure 1 ). The examined specimens from this area were collected between 23° and 31° S, mainly in localities covered by the Brazilian Atlantic Forest (see the Appendix for a detailed list of the sampling localities). This biome is composed of two major vegetation types: the Atlantic Rain Forest (coastal forest) and the Atlantic Semi-deciduous forest (tropical seasonal forest).
Data analysis
Traditional (linear) morphometrics (Marcus, 1990) were employed to visualize size differences in the skulls and forearms of males and females.
Ten linear measurements (n = 113) in addition to the forearm length (n = 107) of adult specimens were taken ( Figure 2 ) using a Mitutoyo digital caliper (accurately 0.05 mm) (see Table 1 ). Measurements were based on those taken by Vizotto and Taddei (1973) and Barquez et al. (1999) for bats.
The normal distribution of the data was tested using the Kolmogorov-Smirnov non-parametric test. The univariate analysis (Student's t-test) was employed to verify the existence of any significant differences between male and female skull and forearm. Additionally, a Principal Component Analysis (PCA) was carried out over the variance-covariance matrix of the logarithms of all skull measurements. The PCA analysis was employed to explore multivariate differences between sexes (Neff and Marcus, 1980) in order to find any a priori group. Finally, we calculated the PCA residuals of each measure by regressing it against the logarithm from the forearm length to test whether the sexes differ in relative dimensions. All statistical analyses of the traditional morphometrics were performed using SPSS 11.5 (SPSS for Windows, Lead Technologies Inc, Chicago).
Results
The Student's t-test results indicated sexual size dimorphism on the forearm length and on five in 10 studied skull measurements (see Table 2 ): total skull length (TSL), palatal length (PL), external width of the canine teeth (EWCT), zygomatic width (ZW) and skull height (SH). In all linear measurements females were larger than males (P < 0.05).
In PCA, the first principal component (PC1) explained 56.07% and the second (PC2) explained 10.5% of the total observed variability. The measurements which contributed the most to PC1 were: total skull length (TSL), skull width (SW) and mastoid width (MW). Nevertheless, multivariate analysis of the Principal Components (from the ten skull measurements) was not sensitive enough to detect sexual dimorphism, and no a priori group formed by gender was detected. In addition, there is a trend demonstrated by the regression of the PCA residuals against the logarithm from the forearm length, suggesting that size (PC1) covariates with the forearm length (Figure 3 ). Females also have larger forearm length, as previously mentioned.
Discussion
The results of this paper showed sexual size dimorphism in the forearm length and in some measurements in the skull of M. nigricans in South Brazil. Females were larger than males.
Sexual dimorphism is a widespread phenomenon and there is a variety of reasons for its occurrence. Sexual selection (Darwin, 1871 ) acting through female choice or male-male competition is the explanation most often cited; however, there are other important reasons (Slatkin, 1984; Shine, 1989) . Ecological factors express direct interaction of members of each sex with their environment, whereas sexual selection results from interaction between the sexes. Intrinsic differences in the reproductive roles or different energetic needs to ensure successful reproduction could be sufficient to result in dimorphism (Slatkin, 1984) . In many species, the selective process (costs of reproduction) producing sexual dimorphism result in dimorphism for overall body size (Fairbairn, 1997) and, for this explanation, the bigger Table 2 . Mean, standard deviation (SD) and Student t test result for sexual dimorphism of Myotis nigricans linear measurements (mm) in South Brazil (n = sample number; t = t value; d.f. = degrees of freedom; P = significance).
Measurements n (♀)
Mean ( body size could be favored for the males but also for the females.
When the females are larger it is called reversed sexual dimorphism and it occurs in more lineages of mammals than is commonly perceived (Ralls, 1976) . The bigmother hypothesis (Ralls, 1976) states that there could be some reasons for this phenomenon, but it is rarely the result of sexual selection. The most common selective pressures favoring large size in female mammals are probably those associated with the fact that a big mother gives their offspring better conditions, and those resulting from more intense competition among females than among males for some resource (Ralls, 1976) .
Over the years, studies of bats have discussed sexual dimorphism in species where females are bigger than males (Ralls, 1976; Myers, 1978; Nicoll and Suttie, 1982; Gomes and Uieda, 2004; Rossiter et al., 2006) . Among chiropterans, parental investment is large, because of the long time of gestation and lactation. Female chiropterans suckle their offspring until they are nearly adult size (Hayssen and Kunz, 1996) . In this case, the additional mass that females carry during gestation and lactation is a clear consequence. This additional mass will be too high for effective flight and this presumably imposes a limit on the size of the offspring that females can transport, unless they can compensate (Hayssen and Kunz, 1996) . Myers (1978) stated that bat females of Vespertilionidae are usually larger than males so as to perform parental care appropriately. Females, when pregnant, fly carrying their fetuses and, after that, they rear the infants in nursery colonies inside sheltered roots. Bat offspring are vulnerable during the pre-flight period and also during weaning, when they still depend on their mothers (Swift, 2001) . As a consequence, nursery colonies are indeed energetically demanding for females (Kurta et al., 1989) and a bigger body size may be favorable in order to provide a successful reproductive process (Myers, 1978) . Besides, an embryo of Myotis could represent as much as 25% of the maternal weight (Baydemir and Albayrak, 2006) . Indeed, mothers must compensate for it. Saunders and Barclay (1992) obtained for M. lucifugus and M. volans larger forearm length in females. For bats, length of forearm is a common estimate of body size. A usual assumption is that larger animals will have larger offspring and that larger offspring will require longer lengths of gestation and lactation. In Australia, Schulz (1999) concluded that females of Kerivoula papuensis (Vespertilionidae) had forearm length and body mass larger than males. Bogdanowicz and Owen (1996) found sexual size dimorphism in the skull of Otonycteris hemprichi (Vespertilionidae) using geometric morphometrics. Females presented larger centroid size than males. The results obtained in the current study confirm the data in the literature about sexual size dimorphism in vespertilionids.
In opposition to all these findings, the authors that have studied sexual dimorphism in M. nigricans (Myers and Wetzel, 1983; López-Gonzales et al., 2001) did not find significant differences between male and female measurements. The main reason for this divergence could be the fact that the authors did not sample specimens from Brazil; the specimens were, rather, from Argentina, Bolivia and Paraguay. It is true that these countries are quite close to each other, but it could be enough to characterize morphological variation in the species in South America. Additionally, López-Gonzales et al. (2001) recognized that sexual size dimorphism in witch females are larger than males is a well known and established phenomenon for the species of the Vespertilionidae family.
In fact, the locomotion mode likely to impose the greatest additional 'cost' for a pregnant female is flight. In this sense, natural selection has favored a suite of morphological changes that reduce the magnitude of this cost. Nevertheless, it may not be the only perception of the results found in this study. Instead of thinking in bigger size for the females, it could be thought as a decrease in size for the males. A brief explanation could be the small body size of males as an adaptation to increase maneuverability. Selection on agility to fly is expected to produce female-biased dimorphism if it is advantageous for males to use agility in flying (Shine et al., 1998; Székely et al., 2004) . Clearly, this hypothesis is similar to the other described above, in that it relies upon sexspecific adaptation in species that fly.
In the absence of male-biased dimorphism and in the presence of high involvement of the female vespertilionids with their offspring, the sexual size dimorphism reported in this paper indicates a strong influence of ecological factors (natural selection) for dimorphism. Females of M. nigricans in South Brazil are bigger than the males, and this could be more clearly attributed to natural selection on large female size for increased fecundity. Moreover, in accordance with recent conclusions about sexual size dimorphism with a lack of malebiased dimorphism (Ortega et al., 2003; Rossiter et al., 2006) , this should not be considered as evidence for reduced sexual competition (sexual selection), but rather, indicates that sexual selection is less visible.
